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Sixty-three children in periurban Mexico City were examined for the occurrence of asymptomatic norovirus
(NoV) infection from June to August 1998. NoV was detected in 48 of 161 stool specimens (29.8%), with 31
children (49.2%) having at least one positive stool. Asymptomatic NoV infection occurred commonly during
summertime in a Mexican pediatric population.
Noroviruses (NoVs), belonging to the Caliciviridae family,
are recognized worldwide as the most common cause of
acute nonbacterial gastroenteritis. In the United States, this
group of enteric viruses causes an estimated 23 million cases
of acute gastroenteritis each year and more than 90% of the
outbreaks of nonbacterial gastroenteritis (4). A number of
studies in both developed and developing countries have
shown that NoV is the major enteric pathogen causing acute
diarrhea in children and that such infections can sometimes
be fatal (20, 23).
NoV is resistant to various environmental stresses and is
commonly transmitted through ingestion of contaminated food
and water, direct contact, or aerosols (24). Several studies have
reported that not all infections with NoVs result in clinical
symptoms (3, 7, 10). It is plausible that asymptomatic individ-
uals act as reservoirs, facilitating the transmission of the NoV.
However, the rate of asymptomatic NoV excretion and the
genetic diversity of NoV among children in poor communities
in developing countries are largely unknown. The objectives of
the present study were (i) to determine the rate of asymptom-
atic NoV excretion in a pediatric population living in a peri-
urban Mexican community and (ii) to identify the genetic di-
versity of NoV circulating in the community.
Subjects and fecal specimens. The present study was carried
out using clinical information and stool specimens collected
during a previous placebo-controlled clinical trial designed to
evaluate the impact of vitamin A on diarrheal infections (16).
Participants were residents living in the low socioeconomic
periurban community of La Magdalena Atlicpac, located along
the eastern perimeter of Mexico City. Two hundred children
less than 2 years of age were included in this trial. Children
were excluded if they were severely malnourished (weight-for-
age  60% of the National Health Statistics median). Trial
participants were contacted by field workers. Informed consent
for study participation was obtained from parents, and the
study was approved by the CONAVA (the Concejo Nacional
de Vacunacio´n, Mexico). We included 63 children who were in
the placebo arm of the trial and were followed up at least for
1 month between June and August of 1998. Each child’s house-
hold was visited twice each week to collect the clinical infor-
mation. Stool specimens were collected twice a month as well.
A total of 161 stool specimens were collected for the present
study. Asymptomatic infection was defined as NoV detection
in stools with no clinical symptoms (diarrhea, vomiting, or
fever, etc.) for at least 8 days prior to and at least 2 days after
the day of stool collection.
Identification and phylogenetic analysis of NoV in stools.
NoV was detected by reverse transcriptase PCR (RT-PCR) as
presented in a previous study (13). All RT-PCR products pos-
itive for NoV were purified by using the QIAquick PCR puri-
fication kit (QIAGEN, Valencia, CA) according to the manu-
facturer’s protocol and then sequenced by using an ABI model
3730XL by a commercial company (SeqWright, Inc., Houston,
TX). The nucleic acid sequence was deposited in the GenBank
sequence database under accession numbers DQ22048 to
DQ22083. The phylogenetic analysis was conducted by using
the MegAlign program from the LASERGENE software pack-
age (version 6.0; DNAstar, Madison, WI) and MEGA version
3.0 software. A multiple alignment was created by using
CLUSTAL W, and the neighbor-joining method was used for
the construction of the phylogenetic tree.
Statistical methods. Frequencies and measures of the cen-
tral tendency were used. Categorical and continuous variables
were analyzed with a 2 test or the Fisher exact test (two tailed)
and an unpaired t test, respectively. A t test was used to com-
pare the mean age between the of NoV-positive and NoV-
negative groups, and a 2 test was used to compare the sex
between the NoV-positive and -negative groups. The monthly
incidence was calculated by using the number of asymptomatic
infections as the numerator and the total number of children
followed up that month as the denominator. The statistic soft-
ware used was STATA version 8.
The mean age of children studied was 14 months (range, 6 to
22 months); 56% were females. The average number of ana-
lyzed stool specimens per child was 2.5 (total of 161 stool
specimens collected from 63 children). The overall rate of NoV
detection in stools was 48 of 161 (29.8%). No significant dif-
* Corresponding author. Mailing address: Department of Environ-
mental Health, School of Public Health, Seoul National University, 28
Yunkeon-Dong, Chonro-Ku, Seoul 110-799, Korea. Phone: 82-2-3668-
7882. Fax: 82-2-745-9104. E-mail: gko@snu.ac.kr.
2997
 o
n
 O
ctober 21, 2015 by University of Queensland Library
http://jcm.asm.org/
D
ow
nloaded from
 
2998
 o
n
 O
ctober 21, 2015 by University of Queensland Library
http://jcm.asm.org/
D
ow
nloaded from
 
ferences in the percentage of NoV-positive stools and age (P
0.85) or sex (P  0.78) of the children were found.
The incidences of asymptomatic NoV infection were 0.36,
0.39, and 0.25 episodes per child in June, July, and August,
respectively. A total of 31 children of 63 (49.2%) had at least
one NoV stool that was positive during the study period. Eight
of the thirty-one (25.8%) had two or more different strains.
One child had four consecutive positive stool samples with the
same strain during July and August, and this was considered as
one infection when the incidence was calculated.
Of 48 (56%) NoV-positive stool specimens, 27 were positive
for NoV GII and two children were positive for both strains GI
and GII in the same specimen. In all, nine different genotypes
were observed. Identified genotypes include five GI genotypes
(GI 1, GI 3, GI 5, GI 7, and GI 14) and four GII genotypes (GII
1, GII 2, GII 7, and GII 17) (12). One of the NoV GII strains was
detected during the entire 3-month period and also was the most
frequently identified in seven stool samples. The remaining NoV
strains were detected during 1 or 2 months. The phylogenetic tree
based on the partial capsid sequences (250 bp) of NoV isolated
and the reference NoV strains shows a high genetic diversity,
including strains from the GI and GII genotypes (Fig. 1).
The study showed a high rate of asymptomatic NoV infec-
tion in children living in a poor periurban Mexican community.
Only a few past studies focused on asymptomatic NoV infec-
tion. In a community-based study in The Netherlands, NoV
was detected in fecal samples from control subjects at a rate of
up to 5% (3). A recent study in Japan reported that 6% of fecal
specimens collected from asymptomatic infants were infected
with NoV (1). Approximately 8% of human calicivirus was
detected in nondiarrhea stool specimens collected from a birth
cohort of Mexican children (5). Based on enzyme-linked im-
munoassay and immunosorbent electron microscopy, 11 of 14
children (78.6%) infected with human calicivirus were found to
be asymptomatic in a day care center study carried out in the
United States (18).
In the present study, almost 30% of the stool specimens
collected from asymptomatic children were infected with NoV.
Almost half (49.2%) of asymptomatic children had at least one
stool positive for NoV during the summer. This rate was much
higher than found in other previously reported studies. The
children in the present study were residents of a low-class
community of the periurban area of Mexico City. The living
conditions and poor hygienic measures could facilitate the
transmission of enteric infections. Higher rates could be
caused by other factors, such as the season or year of the study,
or be related to the sensitive RT-PCR methods used.
Ideally, NoV shedding from asymptomatic children should
be divided into viral shedding from a latest symptomatic NoV
gastroenteritis versus primary asymptomatic NoV infection. In
our study setting, children in a poor community in Mexico
commonly suffered from diarrhea throughout the year. In a
previous challenge study, infected adult were found to excrete
NoV in their stool specimens for up to 22 days (21). In the
present study, asymptomatic stool specimens were collected
from children without clinical symptoms (diarrhea, vomiting,
or fever, etc.) for at least 8 days prior to and at least 2 days
after the sample was collected. Information as to whether the
patients were symptomatic with NoV gastroenteritis prior to
the summer study is not available. We cannot therefore be
certain in our study whether NoV was shed from a recent
symptomatic NoV gastroenteritis or whether the subjects were
experiencing primary asymptomatic infections.
High rate of asymptomatic infection in the children de-
scribed here is surprising since the summer is typically not the
season one expects to see heavy rates of NoV infection (19).
Recent studies have identified summer peaks of NoV illness (2,
17). Our finding suggests that young children could be an
important reservoir for summer transmission of NoV. A recent
study found high rates of asymptomatic excretion among adult
patients and staff in hospital settings in England, but asymp-
tomatic excreted NoV was not responsible for nosocomial out-
breaks (6).
Previous volunteer studies indicated that a significant pro-
portion of infected persons after NoV challenge remained
asymptomatic (10). It is not understood what factors would
determine the development of clinical symptoms. Recent stud-
ies suggest that human histo-blood group antigens, such as
secretor factor or blood type, could determine the human
susceptibility to NoV (15, 22). In addition, host immunity re-
sponse, the genotypes and virulence of NoV strain, or a com-
bination of both are likely related to host susceptibility and
asymptomatic infection of NoV (9, 14, 15).
Our results are supported by a previous seroepidemiologic
study that showed a high percentage of anti-norovirus antibod-
ies in Mexican infants (85%) in 2-year-old infants, indicating
widespread early life exposure to NoV in Mexico (11). Prior
exposure could result in the development of protective immu-
nity against symptomatic disease later in life. However, in that
earlier study a significant association between serum antibod-
ies and resistance to NoV infection was not found, suggesting
the role for innate immunity and antigenic diversity of NoV
influencing patterns of infection (15).
Our study also demonstrated a high number of NoV strains
circulating in this specific community of children living in the
outskirts of Mexico City. This result coincides with other stud-
FIG. 1. Phylogenetic tree construct based on partial sequences of the capsid gene of norovirus isolated in asymptomatic Mexican children. The
accession numbers (DQ220748 to DQ220783) of our strains (CG1 to CG34) are indicated. The reference strains and their GenBank accession
numbers were as follows: Norwalk (M87661), KY89 (L23828), WUG (AB081723), Valetta (AJ277616), Queensarms (AJ313030), Southampton
(L07418), Desert Shield (U04469), Boxer (AF538679), New Orleans (AF414402), Sindleham (AJ277615), Musgrove (AJ277614), Appalachicola
Bay (AF414406), Hesse (AF093797), Hawaii (U07611), Miami (AF414416), Winchester (AJ277609), CS E1 (AY502009), Saitama T7G1
(AB112127), Fayetteville (AY113106), Kashiwa47 (AB078334), White River (AF414423), Erfurt (AF427118), Snow Mountain (AY134748),
Mexico (U22498), Auckland (U46039), Arg320 (AF190817), Seacroft (AJ277620), Melksham (X81879), Burwash Landing (AF414425), Grimsby
(AJ004864), Camberwell (AF145896), Toronto (U02030), Bristol (X76716), M7 (AY130761), Hillingdon (AJ277607), Florida (AF414410), Leeds
(AJ277608), Gwynedd (AF414409), Amsterdam (AF195848), Idaho Falls (AY054299), Minato (AB233474), Neustrelitz (AY772730), and
Manchester (X86560).
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ies based on NoV associated with sporadic cases of acute
gastroenteritis in children (8, 20). Future studies are needed to
understand the importance of asymptomatic NoV infection in
children as it relates to the transmission of infection and gas-
troenteritis.
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